Background: Propofol has been widely used for an induction and/or maintenance of general anesthesia, or for sedation for various procedures. Although it has many ideal aspects, there have been several cases of drug abuse and addiction. The authors investigated whether there are abuse liable groups among the general population. Methods: We surveyed 169 patients after gastric endoscopic examination, which used propofol as a sedative, with the Addiction Research Center Inventory (ARCI) questionnaire. Other characteristics of the patients, such as past history, smoking habits, depression, anxiety, alcohol abuse liability and sleep disturbance, were recorded by history taking and several questionnaires before the exam. Results: Propofol had a high Morphine-Benzedrine Group (MBG) score (representative value for euphoria) of 6.3, which is higher than marijuana, and a Pentobarbital-Chlorpromazine-Alcohol Group (PCAG) score (representative value of sedation) of 8.1, which is lower than most opioids. The MBG score showed no statistically significant correlation between any of the characteristics of the groups. In females, the PCAG score showed a correlation with age, and in males, it showed a correlation with a sleeping problem. Conclusions: Propofol had relatively high euphoria and low residual sedative effects. It had a more potent sedative effect in the female group who were young, and in the male group who had a low sleep quality index. There were differences in the abuse liability from a single exposure to propofol in the general population. Further study is needed to evaluate the abuse liability of repeated exposure. (Korean J Anesthesiol 2013; 65: 403-409) 
Introduction
Propofol is an intravenous anesthetic widely used in the induction of anesthesia and sedation and in various procedures. This drug has desirable characteristics such as prompt anesthesia induction and recovery, but due to several current cases of abuse, Korea was first in the world to designate propofol as a psychoactive drug on February 1, 2011. Despite such attempts to legally regulate the use of propofol, there still have been reports of several cases of abuse. However, although there are legal regulations and procedures to report abuse, the authors do not know of any precedent research regarding the degree of addiction caused by propofol in the general population, and whether there is a group particularly vulnerable to its addictiveness. Through a subjective report conducted on people who received propofol during an endoscopy for a medical check-up, the authors examined the degree of abuse liability for propofol in the general population, and investigated whether there was a group with a particularly higher abuse liability and examined the characteristics of that group.
Materials and Methods
This study was conducted with the approval of the Institutional Review Board of the hospital. It was conducted on people who received conscious sedation endoscopy induced by propofol in a single general hospital from June to August of 2012. One hundred eighty-five people were selected as research subjects during this period, and from these, the study was conducted on 169 who agreed to participate in the survey and study. There were 88 males and 81 females, aged from 25 to 70. The mean age of males and its standard deviation were 50.9 ± 7.1, and 41.9 ± 7.0 for females, and there was no significant difference in age between sexes (P = 0.99, Table 1 ).
The subjects were people with no allergies or any particular reactions to medication, and were people who answered on the survey conducted before the examination that they had no history of mental illness, or had received psychiatric treatment for psychiatric disorders such as depression. The study was done on people who had not been administered propofol previously, or had no memory of being administered propofol.
Basic medical history and past history were included in the survey conducted before the examination, and smoking habits, drinking problem, depression tendency, anxiety tendency, and sleep status were evaluated using a structured questionnaire to examine the relevance to the Morphine-Benzedrine Group (MBG) score, the Pentobarbital-Chlorpromazine-Alcohol Group (PCAG) score of the Addiction Research Center Inventory (ARCI) [1, 2] , and street value.
The [5] . The score is expressed as 0-60, and the degree of depression is more severe as the score becomes higher [6] . The Pittsburgh Sleep Quality Index (PSQI) was used for sleep status. It consists of 19 questions, and shows the sleeping habits and various aspects of sleep disorder during the last month. It evaluates and gives a score to 7 areas; subjective sleep quality, sleep latency, sleep duration, habitual sleep effect, sleep disturbance, use of sleeping pills and daytime dysfunction. The score is expressed as 0-21, and a score of 6 or more signifies that the quality of sleep is bad [7] . The total amount of propofol (2 mg/kg) used in the examination was divided and IV administered for the convenience of the procedure. While performing the endoscopy, the heart rate, blood pressure and oxygen saturation were monitored using ECG, automated non invasive blood pressure monitor and pulse oximetry.
After completing the endoscopy, the subjects were moved to the recovery room, and the survey was conducted within 30 minutes of recovery. Time taken to complete the survey was generally within 5 minutes.
The survey consisted of a total of 33 questions using the MBG scale, PCAG scale provided by ARCI, and street value. Questions 1-17 of the survey covered the MBG scale and 18-32 the PCAG scale. Questions 29-32 of the PCAG scale are false questions where 1 point is given to 'no' , and 0 points is given to 'yes' . The MBG scale assesses euphoria and is expressed as a score of
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0-17, and the PCAG scale assesses sedation and is expressed as a score of 0-15. Street value is a question whether patients will buy this medication and how much they are willing to pay for it (Appendix 1). In addition to the survey, the subjects underwent a physical examination that included height, weight and blood pressure and blood tests such as complete blood count, liver function test, Lipid profile and thyroid function test.
Statistics
A mean comparison was performed on the survey responses to see if there were any differences in the basic characteristics of the subjects such as age or sex, and a correlation analysis was performed to see whether age, sex, weight, liver enzyme values, and blood pressure were related to the MBG and PCAG scores. Multiple regression analysis was performed on the results for age, smoking habits, drinking problem, depression tendency, anxiety tendency and sleep status with the MBG and PCAG scores according to sex. Based on the results of the regression analysis, the categories with a low regression coefficient were consecutively removed to perform a backward multiple regression analysis to find the most appropriate model. The analysis results were considered to be significant when the P value was less than 0.05. The software package R (3.0; Copyright Ⓒ 2013 The R Foundation for Statistical Computing) was used for the statistical analysis.
Results
In the survey conducted within 30 minutes of recovery, the mean MBG score was 6.3; the mean PCAG score was 8.1, and there were no differences according to sex (Table 1) . The results of the correlation analysis showed that there were no associated elements for the MBG score, but the PCAG score decreased as the age increased (correlation coefficient -0.241, P = 0.002). Sixty-seven out of 169 did not respond to the question on street value; 35 responded they would not pay, and 67 responded that they would pay to purchase propofol. The mean street value of the respondents was 38,000 KRW, and the mean price for respondents who were willing to pay was 58,000 KRW. The street value did not show a difference according to age or sex ( Table 1) . The results of the correlation analysis showed that street value tended to be higher when the MBG score was higher, but it was not statistically significant (P = 0.20, r = 0.127). The PCAG score did not show a correlation with street value.
The authors examined the relationship between the MBG and PCAG scores and personal factors and the survey results of the subjects. The weight, blood pressure, thyroid function test results, and liver enzyme values did not show any significant relationship to the scores. A correlation analysis was performed on each score with age, smoking, drinking, depression, anxiety and sleep. When male and female results were observed together, there were no factors which showed a correlation with the MBG or PCAG score. However, when sex was differentiated in the Vol. 65, No. 5, November 2013 Abuse potential of propofol analysis, the PCAG score showed a significant correlation with age in women while the PCAG score showed a significant correlation with sleep status in men (Tables 2 and 3) .
For street value, there were outliers that made the standard deviation to be more than 3 times the mean (Table 1) . To examine such outliers or values which widely deviated from the mean, the MBG and PCAG scores of the upper 10 street value responses are presented in Table 4 .
Discussion
Propofol is a drug which works on the gamma-aminobutyric acid A receptor, and alcohol, barbiturates, and benzodiazepine also work on this receptor. In addition, propofol activates the mesocorticolimbic dopaminergic circuit which is thought to be a major mechanism for addiction [8] . Even in research conducted on a small number of healthy volunteers, propofol was shown with certainty to function as a reward [9] . However, the effect of the drug quickly disappears when no longer administered, and severe respiration suppression occurs with an increase in the concentration; thus, cases of abuse are not largely known compared to other drugs. The reported cases of abuse were mostly medical personnel who had easy access to the drug. However, recently, there have been reports of abuse by patients in medical institutes, and even after the drug was categorized as psychoactive drug, there have been reports of abuse by people other than medical personnel [10] . When this drug is abused, it is more problematic than other drugs because not only is there a dependence on the drug, but it can easily lead to death due to respiratory suppression which can be caused by the drug itself.
Propofol is not used by itself as a treatment modality, so it is inevitably connected to various procedures. Currently, this drug is mostly widely used as an inducing agent for general anesthesia. There have been reports that elation was felt when awakening from general anesthesia after receiving propofol, but general anesthesia is connected with unpleasant memories such as surgery and postoperative pain; therefore, it is difficult to evaluate the addictiveness or abuse liability of propofol itself [11] . Hence, the authors performed an investigation on patients receiving an endoscopic examination which has less or no pain after the procedure.
ARCI is a questionnaire consisting of 550 items, and it was developed in 1966 to examine the physical, emotive, cognitive, and subjective effects of drugs. In 1971, Martin et al. developed a short form consisting of 49 items which has 5 scales -MBG measuring euphoria, PCAG measuring sedation, lysergic acid diethylamide group measuring dysphoria, Benzedrine group relevant to stimulant-sensitive scale, and A which measures the effect of d-amphetamine [12] .
It is not accurately known which of the feelings caused by propofol leads to addiction, but according to the media or precedent reports, sleep inducement and euphoria are commonly mentioned together [9, 11] . For this reason, the authors chose MBG and PCAG from the ARCI inventory as survey items for subjective effect.
Compared to the MBG score of 4.7 and PCAG score of 5.9 calculated from a precedent study on marijuana, the MBG and PCAG scores in our study were 6.3 and 8.1, which indicate high- 
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er levels in both euphoria and sedation [13] . In addition, in another study conducted with morphine 10 mg and buprenorphine 0.3 mg, the PCAG scores were 9.8 and 11.4, respectively, which is higher than the PCAG score of 8.1 for propofol in this study [14] . In this study conducted on opioids, the PCAG values were measured in 60 minute intervals up to 300 minutes after administering the opioids, and the maximum value appeared at around 60 minutes. Considering that the PCAG in our study was measured around 30 minutes after stopping the propofol, it could show that the sedative effect of propofol quickly disappears once administration is stopped. In addition, there were many people who gave a higher street value because the MBG score for euphoria was higher, but this was not statistically significant. On the other hand, people who had a higher PCAG score for sedation responded with a lower street value, which suggests that the sleep inducing effect of propofol may have less effect on abuse liability in the general population. When precedent studies conducted on benzodiazepines were examined, after administering the drug, the PCAG score increased but the MBG score did not increase in non-drug abusing volunteers. Additionally, when tested on drug abusers, there were cases in which the liking rate or street value increased after administering the relevant drug but the MBG did not increase; thus, it has been reported that the MBG score may be less sensitive than other two scales [2] . Therefore, it is unusual that the MBG score appears to be high in our study, which was conducted on the general population. There are various results in precedent studies regarding the effect of PCAG on the preference of drugs. PCAG had a correlation or did not have a correlation to MBG or other liking rates according to the drug description and whether the subjects were general population or people with a past history of drug or alcohol abuse [2] . This suggests that the preference for the sedative effect of a drug differs according to individuals. Therefore, it is considered that the sleep inducing effect mentioned by the media or addicts may have less weight in deciding the preference for propofol than what has been reported. This study measured the preference for propofol after a single incident of exposure. Therefore, there is need for further study regarding which characteristics cause abuse when repeatedly exposed to the drug. In single exposure, such as our study, the euphoria caused by propofol was a larger factor for drug preference rather than the sedative effect, and the euphoric effect of propofol measured in our study was also higher than other drugs. The sedative effect of propofol such as sleep inducement disappears quickly and has less remaining effect compared to other drugs such as opioids; thus, it has less influence on the mechanism for preference.
The comparison results for depression tendency, anxiety tendency, sleep status and drinking problem obtained from the survey with the MBG and PCAG scores showed that age was related to the PCAG score in women, while sleep status was related to the PCAG score in men.
The PCAG score showed a significant correlation where it decreased as age increased in females. It is unusual that the sedative effect of the drug was felt less by the older population despite the strong possibility of a higher blood concentration of propofol at the time of survey because of a decreased metabolic rate of the drug depending on age. However, the size of the correlation coefficient is small thus its significance must be interpreted with caution. In addition, the PCAG score tended to be high in groups with a low risk of drinking problems, although this was not statistically significant. It can be inferred that the sedative effect appears larger when there is less preference for alcohol. However, there was a report showing that the required dosage of propofol for inducing anesthesia increases for alcoholics who drink a large amount of alcohol [15] . Taking this point into consideration, the higher PCAG figures in the low drinking hazard group could simply be caused by the same amount of propofol having a larger sedative effect because the group had less exposure to alcohol in the past. There is controversy whether the group with the higher PCAG score had higher abuse liability. For euphoria, it is obvious that higher figures will increase the risk of drug preference, but for the sedative effect, some people will prefer the feeling while some will not. In studies regarding various sedatives, the relationship between the PCAG score and liking rate showed different results based on whether the subjects were drug abusers or general population, and what kind of drug was used [2] . However, if a certain drug has a large sedative effect, there is a higher possibility of leading people with abuse liability to addiction compared to other drugs with no or less sedative effect. Taken together, it is difficult to interpret this high PCAG score group as a group with a particularly higher possibility of propofol addiction.
For men, the PCAG had a significant correlation with PSQI survey score evaluating sleep status, and this can be seen as the sedative effect of propofol appearing larger in males with bad sleep status. In a study conducted on people with insomnia, it was reported that the subjects reached a deeper state of sleep when IV injected with propofol; thus, it can be inferred that the population with sleep debt reached a deeper sleep state than the general population when administered propofol and consequently, felt a larger sedative effect after stopping the administration of propofol [16] .
The non-response rate for street value was high (39.6%) so it can be seen as having less statistical effectiveness. However, despite the overall mean of 38,000 KRW, the upper 10 values ranged from 1,000,000 KRW to 50,000 KRW and their mean was 250,000 KRW which is a very high price range. When these upper 10 values were excluded, the mean street value was only 16,900 KRW. The mean MBG score of these 10 subjects was also Vol. 65, No. 5, November 2013 Abuse potential of propofol 11.6, which is considerably higher than the overall mean of 6.3. The mean PCAG score of these 10 subjects did not show a great difference with the overall mean. This suggests that when street value is considered as the liking rate, there is a group which shows a large preference value compared to the mean preference, and this group is more likely to have higher MBG scores.
The limitation of this study is that it was based on a selfadministered questionnaire. It is difficult for researchers to accurately evaluate the tendency for addiction, which is fairly influenced by the subjective preference for a drug. Hence, the only method of determining the type of reward a drug causes is to ask each individual to report subjective feelings, and there are limits to objectifying this response into scores, as such scores may skew the real effect. However, this research method was used to evaluate the abuse liability of various drugs since the development of the ARCI questionnaire [2] . For street value, the response rate noticeably declined compared to other questions, and this may be because the subjects avoided responding because they misunderstood it as a question asking whether they would pay for additional cost when there is further testing.
The significance of this study is that it evaluated the abuse liability of a drug used in common procedures on the general population with a structured survey. The study results showed that there were groups with different MBG and PCAG scores within the general population so there could be a group more vulnerable to propofol addiction, and that the degree of euphoria from propofol can be considerably large even in the general population. In addition, euphoria is more likely to influence the liking of the drug from a single exposure. Moreover, for the aspect of sedation, the PCAG score of propofol was lower than that of other drugs so factors related to sleep such as 'refreshing sleep' and 'sensation of good rest' mentioned by addicts had less influence compared to other drugs. A population group who felt particularly higher euphoria from propofol was not differentiated. The female group with younger age and male group with bad sleep status felt the sedative effect of propofol stronger than other population groups. There is need for additional research regarding which characteristics of propofol cause addiction when there is repeated exposure.
